Looking Back
When BioTechniques made its debut in 1983, confocal microscopy had yet to become established in the world of biological imaging. Immunofluorescence microscopy was popular, and images of the distribution of fluorescent labels attached to antibodies to specific proteins were filling the journals with spectacular grayscale images (1) . The distribution patterns of many different proteins, especially cytoskeletal proteins, were giving novel views and insight into cellular structure and function at the level of the light microscope (2) . Around this time, fluorescent dyes were being developed that were sensitive to cellular physiology, such as calcium ion concentration (3) .
But there was a problem. The clearest images were collected from the thinnest regions of flattened cells growing on a glass coverslip in culture. The technique suffered from resolution issues when imaging even the thicker regions around the nucleus of cultured cells ( Figure 1A ). This was because the fluorescent signal from regions above and below the focal plain contributed to the images, and at best, blurred them, and often swamped out the signal completely. Most images of thicker specimens such as dividing cells, eggs, and embryos appeared as a bright fluorescent glow with little or no visible structure at all. Often structures of interest were visible in the light microscope but it was impossible to record them for publication. Researchers were forced to compromise by either physically cutting sections of their specimens or artificially flattening them in order to resolve structures of interest. Imaging living cells for structural and physiological studies was fraught with difficulty.
There was a desperate need to improve the resolution of images collected using fluorescence microscopy. One possibility was confocal microscopy. The technique had been around for many years before 1983: in 1957 Marvin Minsky had patented an instrument designed for studying neural networks in the living brain, but it was not sensitive enough for fluorescence and was not wellsuited to biological specimens since the stage rather than the light beam moved, causing vibration artifacts (4, 5) . In 1983, however, the technology was not sufficiently well-advanced to produce a confocal instrument suitable for collecting images of fluorescently labeled specimens on a routine basis. But it was close.
Coming of Age
The practical application of confocal microscopy for biological fluorescence imaging was introduced some four years later in 1987 with the introduction of the first commercially available laser scanning confocal microscopes (6, 7, 8) . The approach was typified by the MRC 500 laser scanning confocal microscope (Bio-Rad Microsciences, Hemel Hempstead, England), which was designed to interface with an existing epifluorescence microscope rather like a video camera. The instrument consisted of a scanning unit that contained the electronics to drive two mirrors to produce a focused scanning beam in the specimen from an air-cooled argon laser together with photomultiplier tube detectors (PMT). The output from the PMTs was built into an image using a framestore card in a microcomputer, and the resulting digital image was displayed on the screen of the computer at a rate of about one full 768 × 512 pixel frame per second. Hard copies of the image files were collected by photographing the screen of the video monitor and archived digitally.
The images obtained using the instrument were a strong demonstration of the power of the confocal approach for fluorescently labeled specimens. Optical sections that showed subcellular details from within thick and brightly labeled specimens were obtained for the first time from a range of fixed cells and tissues, and with little additional specimen preparation as compared with that required for conventional 
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epifluorescence microscopy. The liberal application of antibleaching agents, however, was highly recommended.
A powerful "proof of performance" of the laser scanning confocal approach convinced a large section of cell biologists of its value for imaging immunofluorescently labeled specimens (7) . This publication included a veritable who's who of images of specimen types from major areas of contemporary biomedical research. The specimens included unflattened HeLa cells, mitotic spindles, fertilized sea urchin eggs, spherical plasmacytoma cells, salivary gland preparations of Drosophila larvae, C. elegans embryos, nerve tissues, and chick embryos. In addition to single optical sections ( Figure 1B) , the instrument could collect serial optical sections for later 3-D reconstructions, profiles of cells (x-z sections), and reflected light images. The power of the confocal approach lies in the ability to image structures at discrete levels within an intact biological specimen with a theoretical lateral resolution of 0.14 μm and a vertical resolution of 0.23 μm using a lens of 1.4 numerical aperture. These first instruments could also collect images from specimens labeled with two fluorochromes ( Figure  1C ) as well as transmission images. The images were important for mapping the distribution of the protein of interest onto landmarks within cells and tissues.
Every Photon Is Sacred
As the numbers of users increased, the experimental demands on the early instruments were pushed to the limits. Many different experimental approaches were now theoretically viable options with the ability to scan a specimen with a laser beam under the control of a microcomputer, as with fluorescence recovery after photobleaching, for example. The early instruments, however, were relatively wasteful of photons, which meant they were fine for imaging brightly labeled fixed specimens where photobleaching or photodamage to the cells was not an issue. Such a wasteful light budget made imaging living cells and tissues a difficult option since observations were often compromised by worries concerning artifacts from photodamage. Moreover, multiple label images often suffered from bleed-through from one channel to another and photobleaching of probes because of the high laser powers required for excitation of the fluorochromes, which made definitive analysis of relative distributions of proteins problematic.
The instruments available today are vastly different from the early models available in 1987. They have evolved over years of incorporation of technological advancements from multiple sources into all parts of the imaging chain from the lasers, fiber optic couplings, electronic filters, scanning mechanisms, spectral detectors, and also in computer hardware, software, and improved methods of digital display and reproduction of images.
The "optical section" is now an accepted part of the cell biologist's vernacular, and the spectacular images 
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Mini-Review from these instruments adorn the journals and web sites of the world. There are now many different instruments available for collecting optical sections in addition to the laser scanning confocal approach (9) . Instruments have been developed for more specific applications. For example, multiple photon microscopes allow imaging more deeply into tissues and reduce photodamage to fluorophores and tissues when compared with the laser scanning approach (10) . Multiple beam scanning systems and digital deconvolution of wide-field images are also practical options for collecting optical sections. Several studies have compared the performance of confocal, multiple photon, and wide-field deconvolution microscopy on a variety of fluorescently labeled specimens (11, 12) . Wide-field deconvolution is preferred for thin and relatively dim samples, for example yeast cells, whereas the confocal and multiple photon imaging are preferred for imaging thick and bright samples, such as whole mounts of tissues and embryos and for imaging in vivo. The multiple photon approach is preferred to confocal microscopy for imaging deeper into living tissues. The multiple beam scanning confocal microscopes are preferred for imaging faster events at full resolution whereas the laser scanning confocal microscopes can be used for measuring fast events at low resolution.
The different kinds of data acquired from confocal microscopes have been classed as "multidimensional." The number of dimensions has now reached five: the X, the Y, and the Z planes, together with time as the fourth dimension and wavelength as the fifth dimension. Thus five-dimensional imaging would be a time-lapse series of Z-series of multichannel images (13) . It is clear that datasets acquired from multidimensional experiments can be relatively large and present problems with data management. Concerted efforts are under way to standardize datasets from different imaging systems across the world (14) .
The Fifth Dimension
Perhaps one of the most spectacular developments in confocal imaging is the ability to collect multiple images in the fifth dimension-that of wavelength.
From the early days, one of the major applications of the laser scanning confocal microscope was for multiple label imaging, since the registration between the images collected with the same scanning beam at different excitation wavelengths was usually maintained assuming the cells did not move and a sufficiently well-corrected objective lens was used. Two-color imaging using fluorescein and rhodamine probes was quickly achieved, along with the ability to merge a nonconfocal transmitted light image with the fluorescence images.
In the early 1990s three-channel imaging ( Figure 1D ) became a routine technique using Krypton-Argon gas laser sources (or combinations of lasers) and a scanning head equipped with three PMTs that were able to collect the three channels simultaneously (15) . Around this time the green fluorescent protein (GFP) was isolated from the jellyfish Aequorea victoria, and was used in Caenorhabditis elegans as a genetically stable fluorescent marker that could be imaged in the confocal microscope at the same excitation wavelength (around 488 nm) as fluorescein in living animals. Fluorescent proteins such as GFP and others have been mutated to give reporters of different spectral properties so that multicolor labeling in living animals is now a practical option (16, 17, 18) . Such probes can be used to follow physiological processes within living cells using fluorescence resonance energy transfer (19) or probes for different stages of the cell cycle (20) .
Over the past few years there have been improvements made for imaging more than three probes in the same sample, and developments now allow the detection of multiple channels. This has given a finer control of bleed-through between channels, improved rejection of autofluorescence, and the ability to separate probes whose emission spectra overlap. The current generation of confocal microscopes has been used to stunning effect to produce spectacular images of genetically labeled neurons in combinations of three or more fluorescent proteins (21) . Using the Brainbow technique, an unprecedented 90 different colors of labeled neurons were detected in a single sample using a standard laser scanning confocal microscope equipped with a spectral detector (Olympus FV1000, Olympus America, Melville, NY, USA) ( Figure 1E ). Moreover, these probes are so stable and brightly expressed in vivo that they enable multicolor imaging of living neurons.
Beyond the Rainbow
Confocal microscopy continues to find applications in all branches of biological imaging for routine analysis, including pathology. Major developments are being made in high-resolution live cell imaging and for imaging in vivo (22, 23 
